1 lung infections in individuals with the genetic disease cystic fibrosis (CF). Previous work 2 from our laboratory revealed that five genes predicted to be important for catabolism of 3 N-acetylglucosamine (GlcNAc) are induced during in vitro growth in CF lung secretions 4 (sputum) . Here, we demonstrate that these genes comprise an operon (referred to as 5 the nag operon) and that NagE, a putative component of the GlcNAc 6 phosphotransferase system, is required for growth on and up-take of GlcNAc. Using 7 primer extension analysis, the promoter of the nag operon was mapped and shown to be 8 inducible by GlcNAc and regulated by the transcriptional regulator NagR. Transcriptome 9 analysis revealed that in addition to induction of the nag operon, several P. aeruginosa 
29
The nutritional composition of the infection site has a profound impact on disease 30 pathogenesis in several bacteria including P. aeruginosa (5). Using sputum harvested 31 from the CF lung as a model system, our laboratory has examined how nutritional cues 32 in sputum, specifically carbon sources, impact production of factors important for P. 
57
GlcNAc is also present in peptidoglycan, a structural polymer produced by eubacteria 58 that is shed in large amounts from the surface of Gram positive bacteria (9, 26, 27).
59
Thus, while our interest in GlcNAc began from studies in the CF lung, P. aeruginosa 60 likely encounters GlcNAc in several environments outside the host. In this study, we 61 characterize the P. aeruginosa GlcNAc (nag) catabolic operon and define the regulatory 62 cascade controlling transcription of this operon. We also provide evidence that P.
63
aeruginosa enhances production of phenazine antimicrobials in the presence of GlcNAc.
64
Interestingly, this response is also observed in the presence of peptidoglycan, 5 68
MATERIALS AND METHODS

69
Bacterial strains and media. Bacterial strains and plasmids are listed in Table 1 at 250 rpm. Antibiotics were used at the following concentrations: ampicillin, 100 µg/ml; 80 carbenicillin, 300 µg/ml for plasmid selection and 150 µg/ml for plasmid maintenance; 81 tetracycline, 5 µg/ml for E. coli and 100 µg/ml for plasmid selection and 50 µg/ml for 82 plasmid maintenance for P. aeruginosa. For growth curves, overnight grown P. 
87
Growth on and consumption of GlcNAc. Overnight-grown P. aeruginosa was starved 88 by washing and resuspension in MOPS-B followed by incubation at 37°C for 1.5 hr. Table 2 . Probes were generated by PCR and gel purified using the 186 QIAquick Gel Extraction Kit (Qiagen). 10 pmol probe was labeled with γ- PCR using the primer pairs 57F-P1/57R-P1 and 60F-P2/60R-P2 respectively (Table 2) .
205
The two amplicons were combined using over-lap extension PCR to create a DNA 206 fragment in which nagA and glmS were deleted (13). The resulting product was digested 207 with EcoRI and KpnI and ligated into pEx18Tc (14) . The resulting plasmid, pEX18Tc- 
312
GlcNAc catabolism genes were likely organized as an operon ( Fig. 2A) GlcNAc resulted in an approximate 6-fold induction in β-galactosidase activity indicating 334 that as expected from the GeneChip studies (Table 3) , the nag operon is inducible by 335 GlcNAc (Fig. 4) (Fig. 6A) . Growth was restored by addition of nagE in trans (Fig. 6A) 
383
indicating that the lack of growth in the nagE mutant was due to inactivation of nagE and 384 not polar effects on surrounding genes. To directly assess the importance of nagE for
385
GlcNAc transport, we performed uptake assays with [ 
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In addition to genes in the nag operon, our transcriptome analysis of GlcNAc-grown P.
404
aeruginosa revealed induction of genes required for biosynthesis of phenazines (Table   405 3). To determine if this increase in transcription resulted in increased levels of 406 phenazines, wt P. aeruginosa was grown in MOPS medium containing 20 mM succinate 407 and individual cultures supplemented with GlcNAc, glucose, or succinate. Extraction of 408 the phenazine pyocyanin revealed that addition of glucose or succinate had no effect on 409 pyocyanin levels, while the addition of GlcNAc resulted in a significant increase in 410 pyocyanin levels (Fig. 7) . These data indicate that P. aeruginosa increases production of P. aeruginosa was grown with GlcNAc and harvested for RNA isolation. RNA was used as a template for synthesis of cDNA, and cDNA was subsequently used as a template for PCR with primer sets overlapping coding regions represented by the numbered horizontal bars above. P. aeruginosa genomic DNA (gDNA) and P. aeruginosa RNA were used as positive and negative controls respectively. Bands are ~500 bp. 
